(but not requiring) archiving, and two versions of mandating data deposition at acceptance. We 28 control for differences between data types by trying to obtain data from papers that use a single, 29 widespread population genetic analysis, STRUCTURE. At one extreme, we found that mandated 30 data archiving policies that require the inclusion of a data availability statement in the manuscript 31 improve the odds of finding the data online almost a thousand-fold compared to having no 32 policy. However, archiving rates at journals with less stringent policies were only very slightly 33 higher than those with no policy at all. We also assessed the effectiveness of asking for data 34 directly from authors and obtained over half of the requested datasets, albeit with about 8 days' 35 delay and some disagreement with authors. Given the long-term benefits of data accessibility to 36 the academic community, we believe that journal-based mandatory data archiving policies and 37 mandatory data availability statements should be more widely adopted. behavior, a number of journals have introduced data archiving policies. Here, we evaluate the 48 effectiveness of these policies by comparing journals that have no stated data archiving policy, 49 journals that recommend data archiving, and journals that mandate archiving prior to publication. 50
Journals that mandate data archiving fall into two further subgroups: those that require an 51 explicit data availability statement and those that do not. We ask two questions: (1) does having 52 any kind of data archiving policy improve the likelihood of the data being available online, and 53
(2) does the type of data archiving policy have any effect the likelihood of obtaining the data? 54
55
We recently assembled datasets from a range of journals for a study of the reproducibility of 56 commonly used population genetic analyses [5] . Here, we use this opportunity to examine 57 whether data archiving policy (or lack thereof) was associated with the proportion of datasets we 58 were able to obtain from a journal. As papers within even a single journal contain many different 59 types of data, we restricted both this and our reproducibility study to articles using the population 60 genetics program STRUCTURE [6] . We chose STRUCTURE because it is widely used in ecology and 61 evolution, and because the underlying data is a Figure 1 , and the data and R code used in the analysis are archived at 124 the data being online (likelihood ratio test statistic = 4.27, p= 0.038), such that the odds of 137 getting the data were about 25 times higher (95% confidence interval: 1.5 to 416.7). 138
139
We then tested how well each type of archiving policy compared to having no policy at all. As 140 above, we used a mixed effects logistic regression. Again, the response variable was whether or 141 not the data from a paper was available online, coded as '0' for not available and '1' for 142 available. The predictor variable was policy type, and the categories were 'no policy', 143 'recommend archiving', 'mandate archiving, no data statement' and 'mandate archiving, with 144 data statement'. Journals were a random effect within each policy type. The overall model found 145 that policy type did have a very significant effect on data availability (likelihood ratio test 146 statistic = 28.06, p<0.001). 147
148
Since this is a logistic model, we can readily calculate the effect that the different policy types 149 have on the likelihood that the data will be available. We explore these odds for each type of 150 policy below, using 'no policy' as the baseline. 151
152
Having a 'recommend archiving' policy made it 3.6 times more likely that the data were online 153 compared to having no policy. However, the 95% confidence interval overlapped with 1 (0.96 to 154 13.6), and hence this increase in the odds is not significant. Overall, recommending data 155 archiving is only marginally more effective than having no policy at all. 156 effective than any other policy type. 167
Requesting data directly from authors 170 171
A number of the 'recommend archiving' policies state that the data should also be freely 172 available from the authors by request (see the 'Journal Policies' file at doi:10.5061/dryad.6bs31), 173 and hence we wanted to evaluate whether obtaining data directly from authors is an effective 174 approach. Part of the dataset collection for our reproducibility study [5] involved emailing 175 authors of papers from two of the 'recommend archiving' journals (BMC Evolutionary Biology 176
and PLoS One) and requesting their STRUCTURE input files. Here, we examine how often these 177 requests led to us obtaining the data. We did not email the authors of articles where the data were 178 already available online. A detailed description of our data request process appears on Dryad 179 (doi:10.5061/dryad.6bs31), but we essentially contacted corresponding and senior authors of 180 each paper up to three times over a three week period, and recorded if and when the data were 181
received. 182 183
We obtained data directly from the authors for seven of the 12 eligible papers in BMC 184
Evolutionary Biology, and 27 datasets from 45 papers from PLoS One (Table 1 ). All seven of the 185
BMC Evolutionary Biology datasets arrived between eight and 14 days after our initial request. 186
Ten of the PLoS One datasets came within a week, 13 came between eight and 14 days, and four 187 arrived between 15 and 21 days. Unlike the online data, which could generally be obtained 188 within a few minutes, the requested datasets took a mean of 7.7 days to arrive, with one author 189 responding that the dataset had been lost in the year since publication. More than one email had 190 to be sent to the corresponding and/or senior author for 53% of papers, and the authors of 29% of 191 the papers did not respond to any of our requests. No data were received more than 21 days after 192 our initial request. We also note that requesting data via email did upset some authors, 193 particularly when they were reminded of the journal's data archiving policy or when multiple 194 emails were sent. Since the latter study and ours both involved the evolutionary biology community, it appears that 203 attitudes to data sharing have improved dramatically over the last decade. However, the two 204 more recent studies that used human data still had low success rates, perhaps because privacy 205 and consent issues are a significant impediment to data sharing in these fields. Our results demonstrate that journal-based data archiving policies can be very effective in 211 ensuring that research data are available to the scientific community, especially when journals 212 require that a data accessibility statement appear in the manuscript. The 'recommend archiving' 213 group of journals encompassed the broadest spread of policy types, yet as a whole only had 10 of 214 89 datasets available. The policies range from a simple "Submission … implies that … all 215 relevant raw data, will be freely available to any scientist wishing to use them for non-216 commercial purposes" at BMC Evolutionary Biology to an endorsement of the full Joint Data 217
Archiving Policy at J. Heredity. However, none of these policies led to more than 23% of the 218 data being available online (at BJLS), and there was no significant difference between the 219 success of this policy type and having no policy at all. 220 221 Interestingly, PLoS One's very comprehensive policy, which is over 1000 words long and 222 contains statements like "data should be provided in an open access institutional repository, a 223 general data repository such as Dryad, or as Supporting Information files with the published 224 paper" was only marginally more effective than BMC Evolutionary Biology's simple request thatwide breadth of subject areas in PLoS One precludes having a policy with the bald simplicity of 229 the Joint Data Archiving Policy: "[Journal X] requires, as a condition for publication, that data 230 supporting the results in the paper should be archived in an appropriate public archive". Even 231 though the portion of PLoS One's author community that uses STRUCTURE broadly overlaps with 232 the authors of the papers in the JDAP journals, it may be that the lack of a single strong 233 statement leads to much lower compliance. One simple remedy for this situation might be the 234 introduction of a mandatory data accessibility statement in all manuscripts. For fields where 235 archiving is not (yet) standard practice, this could state that the data were available from the 236 authors, but in fields where archiving is expected the authors would indicate where their data 237 were available online. 238
239
More broadly, a study by Piwowar and Chapman [11] on 397 microarray datasets from 20 240 journals also found that having a 'strong' (i.e. close to mandatory) data archiving policy led to a 241 high proportion (>50%) of the datasets being available online. Journals that had a 'weak' policy 242 (i.e. recommended archiving) had just over 30% of microarray datasets available, and journals 243 with no policy had only about 20% availability. Furthermore, they also found that a journal with 244 an Impact Factor (IF) of 15 was 4.5 times more likely to have the microarray data online than a 245 journal with an IF of 5. We find a similar effect in our data: using the 2010 Impact Factors, we 246 suggests that the introduction of the JDAP policy in 2011 was primarily responsible for the 255 abrupt rise in the proportion of articles in these three journals that archived their data. However, 256 it is possible that Impact Factor still plays a role, as only journals with a high IF may feel able tointroduce stringent archiving policies. The positive effects of a strongly worded data archivingstatement were also confirmed by a much larger study involving 11603 microarray datasets [12] . 259
260
Requesting data directly from authors can also provide access to research data, but this approach 261 can be hampered by delays and the potential for disagreement between requester and the authors. 262
Furthermore, the availability of datasets directly from authors will only decrease as time since 263 publication increases. This is particularly true when researchers leave science or when data that 264 are stored on lab computers or websites get misplaced [13, 14] . 265 266 Even though our results strongly emphasize the value of public databases for archiving scientific 267 data, these databases do require ongoing financial support; this money may come from funding 268 agencies, journal publishers, libraries or even individual researchers. A recent study put the cost 269 of running the Dryad database at around $400,000 per annum; these costs include the 270 maintenance of their archive and the addition and curation of an extra 10,000 datasets per year. 271
For comparison, the same amount spent by a funding agency on basic research would generate 272 about 16 new publications [15] . Given that the long-term availability of these data allows for 273 meta-analyses, the checking of previous results, and not collecting the same data again, money 274 spent on data archiving is extremely cost effective. In light of all these advantages, we believe 275 that journal-based mandatory data archiving policies and data accessibility statements should be 276 more widely adopted. 277 314 Acknowledgments: We thank Heather Piwowar, Loren Rieseberg, Phil Davis and Mike Whitlock 315 for comments on an earlier version of the manuscript, and Arianne Albert for help with the 316 statistics. We would also like to express our gratitude to the many authors who shared their data 317 with us. 318 n=47 n=12 n=9 n=21 n=13 n=13 n=12 n=51 n=10 n=6 n=7 n=28
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